Biodegrabable and edible coatings were applied on fresh strawberries (Fragaria x ananassa Duch), 'Camarosa cultivar', produced in organic system and stored at 10ºC for nine days. Color, mass loss, incidence of rottenness and chemical analyses contents was evaluated. Suspension of cassava starch and grains of kefir milk reduced evolution of fruit coloration when compared uncoated fruits. Treatment associated cassava starch and kefir liquid resulted in a lower rottenness incidence and less mass loss of the fruits, is therefore recommended for postharvest organic strawberries. Anthocyanin and titrable acidity contents increased during storage, regardless of the treatments in general.
Introduction
Strawberry (Fragaria x ananassa Duch) is appreciated in the whole world because of its nutritional qualities, flavor and peculiar appearance, being consumed 'in natura' or industrially processed (Reichert & Madail, 2003) . 'Camarosa' is one of the most cultivated cultivars in Brazil (Emater, 2001) . It has precocious cycle and high production capacity. The strawberry is classified as a non-climacteric fruit; however, it presents respiratory activity, which leads to fast deterioration when maintained at room temperature .
Strawberry production in organic system favors a balanced nutrition for plants, consequently resulting in healthier fruit, and eliminating the risk of contaminating the food, the rural worker and the environment with the use of pesticides. Scherer et al. (2003) states that it is possible to produce high quality strawberries with high commercial standards without making use of pesticides, although there is an amount of losses around 15%, due to insect attacks/pests and diseases. The use of different postharvest treatments that may be associated with the organic production is necessary so as to reduce losses and to keep the product quality for longer periods, enhancing the technological, economical, environmental and social development that are embedded in the productive chain of organic vegetables. Low temperatures and application of eatable films can aid in the increase of postharvest conservation of fruits Oliveira et al., 2007; Tanada-Palmu & Grosso, 2005; Park et al., 2005) . Eatable coatings regulate the gaseous exchanges of the product with the external environment and the water loss that results in strawberry mass loss, and also control the loss of the volatiles responsible for fruit 'flavor' (taste and aroma) (Chitarra & Chitarra, 2005) .
Postharvest coatings may transport nutritional ingredients such as antioxidants, antimicrobials and flavorings, and may improve the mechanical integrity and the food handling characteristics (Krochta & Mulder-Johnston, 1997) . The main limiting factors for shelf life of strawberry are the development of fungi (Siro et al., 2006) . In the control of postharvest diseases has been effective method of biological control through use of microorganisms such as bacteria and fungi, which act through various mechanisms such as antibiosis, production of lytic enzymes, parasitism, induced resistance and competition for nutrients and space (Janisciewicz & Korsten, 2002) . A yeast with potential for controlling diseases of plants is Saccharomyces cerevisiae, it presents the ability to synthesize antibiotic compounds, ability to compete for space and nutrients on the phylloplane of many plant species, and have the cell wall elicitors (Piccinin et al., 2005) . In strawberries' Camarosa', treatment with preparations of S. cerevisiae, reduced the incidence of decay caused by B. cinerea, comparable to treatment with fungicides (Gouvêia, 2007) . The application of microbial antagonists should be part of an integrated CSF coating was obtained by heating the cassava starch suspension in distilled water under rotation/shaking. Kefir grains were cultivated with 30g of brown sugar and 30g of grains in 1.0L distilled water, which was changed every 12 hours, and maintained at room temperature. One day before its use, the proportion was duplicated. For performing KL treatment, 300 mL of kefir liquid was used, and then the solution was sieved and filled with distilled water to reach the concentration of 15%. KG was obtained from 300 g of kefir grains, added to 1.5L distilled water and maintained under heating at 50°C, and under light rotation for 30 minutes. A mixer was used for two minutes to disintegrate the grains. After reaching room temperature, a solution with concentration of 15% was obtained. CSKL coating was obtained by associating CSF to KL (in a proportion of 50% each) in a mixer, and maintained under rotation for two minutes. Strawberries were immersed in CSF, KL, KG and CSKL suspensions, and kept for one minute under light movement. They were removed and placed apart on a 'nylon' screen, so as to drain the coating excess liquid. Fruit natural drying occurred in about 3 hours. Following, strawberry samples were divided into portions of 10 fruits each, and conditioned into transparent plastic boxes type PET (tereftalato of polyethylene) with a lid without perforations (17 cm x 9.5 cm x 4.5 cm), and each packing constituted an experimental unit. The experimental outlining was totally at random with 5 treatments and six replications in each treatment. Samples were stored in a refrigerated chamber at 10ºC ± 2, with relative humidity (RH) between 60 and 80%. Evaluations were carried out periodically in the 1 st , 3
rd , 6th and 9th day of storage under refrigeration; then mass loss and color were analyzed. The incidence of rotteness and the anthocyanin content were checked just on the 9 th day of storage.
Mass Loss
Portions were weighed in a semi-analytical scale (Bel, M500), and then the loss of accumulated mass during every storage period was verified.
Color
A color subjective scale with levels from 1 to 4 was used visually, thus fruits were classified as: level 1 -presented 75% of the epidermis with red color; Level 2 -from 75 to 95% red color; Level 3-more than 95% red color and; Level 4 -attributed to fruits with 100% of intense red color. The average of each portion was calculated by multiplying the number of strawberries by its respective mark and then dividing that value by the total number contained in the portion.
Microbiological Analyses

Incidence of Rottenness
Strawberries that presented rottenness were discarded along the storage period. The incidence of rottenness was separated visually by disease after the 9 th day of storage.
Bacteriological Evaluation
Mesophilic and psychrotrophic plate counts using 25 g of strawberry disintegrated for each analysis, with serial dilution (10 -1 , 10 -2 and 10 -3
) and in duplicate, following methodology of the FDA/AOAC (1995).
Yeasts and Molds Evaluation
Yeasts and molds were counts used method of plating in agar surface in Dichloran Rose Bengal Chloramphenicol and 25 °C/5 days of incubation.
Chemical Analyses
Each treatment was separated six fruits, in triplicate, which formed the sampling unit for the chemical analyzes.
Each sample unit was homogenized in mixer for 2 minutes to perform the determination of pH, soluble solids, titratable acidity, ascorbic acid and anthocyanins. These analyzes were performed in duplicate, every three days up to nine days, during which time the fruits were looking for commercialization.
pH
The pH values were evaluation for digital potentiometer (Hanna Instruments, Portugal).
Total Soluble Solids
Determination using a portable refractometer (Atago, pocket PAL-1, Japão), and expressed in °Brix, with the necessary corrections on the environmental temperature exceeds 20°C content and acidity of fruit more than 1%, according to the methodology described by Carvalho et al. (1990) .
Total Titratable Acidity
Determination by titration with standardized NaOH 100 mM, by using 10 g of sample diluted in 100 ml of water, using pot at pH of 8.1 and expressed in grams of acid citric 100 g -1 of pulp of accordance with the methodology of AOAC (1975).
Ascorbic Acid Content
Ascorbic acid content was determined by titration, the reduction of 2,6-dichlorophenolindophenol sodium, standardized with ascorbic acid and expressed in mg of ascorbic acid 100 g -1 of sample, according to Carvalho et al. (1990) .
Content of Total Anthocyanins
The total anthocyanin content was determined according to Nunes et al. (2005) . In order to extract anthocyanin, 2.0 g of strawberry pulp and 18 mL of a solution of methanol was acidified with 0.5% hydrochloric acid, and kept for one hour under refrigeration at 4ºC. Afterwards, a dilution 1:10 was carried out and a reading was made in a spectrophotometer (Jenway, Genova, UK) at 520 nm. Results were expressed in mg 100g -1 of pelargonidin-3-glycoside (PGN). The analysis was made with three replications.
Statistical Analyses
Variance analysis (ANOVA) was carried out, and for each variable a Scott-Knott test was performed, according to Ramalho et al. (2000) , at 5% of probability, with aid of SISVAR software statistical program, developed by the Department of Exact Sciences of the University of Lavras-MG, Brazil.
Results
Physical Analyses
Strawberries belonging to 'Camarosa' cultivar, produced in organic system and coated, showed useful life of nine days if maintained under refrigerated storage. Results obtained when assaying mass loss and color evolution of strawberries without coating (CF), or coated with different films, produced in organic system and stored under refrigeration, are shown in Table 1 . It may be observed that were statistical differences in mass loss (%), between the treatments and the control (p<0.05), as KA and CSKL treatments had lower weight loss for the nine days of storage, and there was a significant difference in the averages of storage time (p<0.05). The reduction of fruit mass in all treatments presented increasing values, depending on the storage period. The average of the fruit initial coloration was close to 3.0 (around 95% or plus, with red color), thus showing the fast evolution of the red coloration during the application of treatments and the assembling of the parcels, since the fruits were picked with level of maturation 1 (75% of red color) (Table 1) . At three days of storage, all of the fruits presented more than 95% of the epidermis with red color (level 3). These fruits presented significant differences (p<0.05), through Scott-Knott test, a test for grouping averages. 3.37bB *T = Treatment, n = number of replications, CF = control fruit, CS = cassava starch, CSKL = association of cassava starch 2.0% and kefir liquid 15%, KL = kefir liquid 15%, KG = kefir grains 15%; KA = kefiraride; GKA = association grains kefir and kefiraride.
**Averages with the same letters do not differ significantly among themselves by Scott-Knott test (P<0.05). Small letters, in the column, stand for treatments; capital letters, in the line, stands for days, in ascending order.
Microbiological Analyses
The evolution in the incidence of rottenness in 'Camarosa' organic strawberries is shown in Table 2 . At three days of storage, the treatment with KL was the treatment that presented the lowest losses due to rottenness in the strawberries (3.33%). The highest incidence values, at nine days of refrigerated storage, were observed in the fruits coated with CSF and with KL, an index over 70%. The lowest total rottenness incidence found was 36.18%, which occurred in CSKL fruits. In Figure 1 it may be observed the incidence of anthracnose, soft and peduncle rottenness in organic strawberries, 'Camarosa' cultivar, without coating (CF) and in the ones coated with CSF, KL, KG and CSKL, stored under refrigeration (10ºC and RH60 -8%). Figure 1 . Incidence of fungi symptoms in the strawberry without and with coatings, stored at 10°C ± 2 and 60-80% UR, for 9 days *CT = control fruit, CS = cassava starch, CSKL = association of cassava starch 2.0% and kefir liquid 15%, KL = kefir liquid 15%, KG = kefir grains 15%; KA = kefiraride; GKA = association grains kefir and kefiraride. Table 3 shows the mean of values chemical analyses for treatments carried out with organic strawberries -'Camarosa' cv, kept under refrigeration (10 ºC ± 2 and RH 60 -80%). 
Chemical Analyses
Discussions
Physical Analyses
The shelf life of organic strawberries for nine days, a better result was obtained by Mali and Grossmann (2003) for strawberries from Dover cultivar, coated with yam cassava starch and glycerol, refrigerated at 4°C, once their quality was preserved for 14 days. The latter cultivar has shown characteristics of longer useful life, and was submitted to lower storage temperature if compared to the temperature used in the present study. Mass loss, in strawberries preserved with coatings, at the end of the storage time (nine days), varied from 6.86% (CSKL) to www.ccsenet.org/jfr Journal of Food Research Vol. 1, No. 3; 9.25% (KL). Such values were superior to the advisable maximum value for strawberries, maximum of 6% of water loss to avoid depreciation of fruit appearance (Cantillano, 2003) . In an experiment carried out by Tanada-Palmu and Grosso (2005), with organic strawberries belonging to 'Osso Grande' cultivar, the mass loss was lower than 10% in fruits coated with association of gluten, bee wax, stearic and palmitic acids, and also in the treatment with PVC films, on the 16 th day of storage under refrigeration (7-10ºC and 60-80% RH), whereas the fruits of the control group and the ones coated only with gluten presented over 50% of mass loss. Such a great difference between fruit mass losses with and without coatings was not observed in the current study, and that may be attributed to the use of plastic packing in the fruits belonging to the control group, thus providing a modified atmosphere in its interior, and consequently avoiding the mass loss that occurs mainly due to the water steam loss, that occurs from fruits to the environment.
Strawberry cultivars known as 'Selva' and 'Diamante' were studied by Pelayo et al. (2003) and showed useful life of nine days when stored at 5°C, and a useful life of 11 days when 20 kPa CO 2 was added, at the same temperature. The applications of KG and CSKL were the products that presented the greatest evolution of red color. On the 6 th day of conservation, were statistical differences between the treatments applied (p<0.05). However, on the 9 th day, it was observed that the application of CS was the treatment that less evidenced the red coloration. Color values varied from 3.36 (CS) to 3.60% (CF). Divergent results for color were verified by Ribeiro et al. (2007) , who have not found any significant difference in fruits coated with different starch, carrageen or quitosan compounds. Del-Valle et al. (2005) also observed that the color of strawberries was not affected by the edible coating made from cactus mucilage. Henrique and Cereda (1999) used cassava starch for strawberry conservation 'IAC Campinas' and verified that the application at 3.0% was the one that resulted in better appearance and red color.
Microbiological Analyses
Lower values of rottenness incidences, an average of 20%, were found by Malgarim et al. (2006) and Zaicovski et al. (2006) , in 'Camarosa' strawberries, with a modified temperature or environment, stored under refrigeration, after 9 days at 0°C, and, for other 3 days at 8°C. According to Baldwin et al. (2006) , a significant reduction of diseases was observed in stored strawberry immersed in pectin olygommers, with polymerization degree between 8 and 24, for 10 seconds. That removed the ethylene production, thus favoring the fruit defense response. Lower values were also reported by Tanada-Palmu and Grosso (2005) , who found 40% of rottenness in strawberries coated with gluten after 16 days of storage under refrigeration; and 30% in fruits coated with compounds such as, gluten, bee wax and stearic and palmitic acids. Fruits doubly coated (first in gluten and soon afterwards in the formulation of bee wax and acids). Brackmann et al. (1999) found high incidence of rottenness in 'Tangi' cultivar strawberry (values over 40%), stored for 5 days at 20°C, with more than 40% rottenness, even with 20 kPa of CO 2 . It may be observed that the coatings applied on organic strawberries have reduced the incidence of peduncle rottenness at nine days of storage under refrigeration. Fruits coated with KG showed a reduction in the incidence of soft rottenness if compared to the control fruits. According to Dias et al. (2007) , temperatures inferior to 8-10°C, inhibit the development of fungi and sporangia production. However, according to Fortes (2003) , one of the most efficient controls of postharvest soft rottenness is to maintain the fruits under a temperature below 6°C. The temperature of 10ºC, used in the present experiment, was not enough to inhibit the development of soft rottenness in the fruits, consequently having 10% of discards in the control group at nine days of storage.
Soft rottenness has fungi such as Rhysopus stolonifer Ehr. (Fortes, 2003) and R. nigricans Ehr, as causal agent. It is observed that, fruits carry fungi structures on their surface, and that constitute its inoculum. Thus the infection occurs after harvest, and fungi may be quickly disseminated when in contact with the juice that drips from infected fruit to healthy fruits conditioned in packing. Therefore it is really important to avoid fungi dissemination (Dias et al., 2005) . Fresh fruit (FF) had low content of all types of microorganisms, with strong development during storage, mainly in yeast, which reached the highest values (10 5 ), and values were reduced with application of coatings tested (Figure 2) . In coatings based on water kefir and milk, although lower than the control, the values were higher than other treatments, possibly by the presence of yeast in these coatings. Reis et al. (2008) found 1.08x10 3 values of the count of fungi and yeasts in strawberries. Oso Grande cv., newly harvested, along with evolution of the storage period, reaching 4.25x10 3 the nine days of storage and intensive reduction in the use of chlorates products. Psychrotrophics were reduced by coating with starch and this combined with chitosan and the water kefir on the control and other treatments. The incidence of mold was quite low in relation to other microorganisms. These results agree with Mali and Grossmann (2003) found that the reduction of mesophilic microorganisms, and psychrotrophics mold / yeast strawberries in 'Dover' covered with films based on starch from yam, throughout the storage period. According Siro et al. (2006) extending the useful life of strawberry 'Camarosa' 'by means of passive modified atmosphere rich in oxygen and atmosphere did not favor the increase of acid-resitentes pathogens: Escherichia coli, Listeria monocytogenes and Salmonella sp, but the restricted development and survival these are available in the fruit stored at 7°C. Ribeiro et al. (2007) studied coatings based on polysaccharides such as starch (2.0%), carrageenan (0.3%) and chitosan (1%) and observed that the lower rate of development of micro-organisms occurred in strawberries coated with chitosan. The chitosan, as reported by Park et al. (2005) , controlled the development of Rhizopus sp and Cladosporium sp, when combined with potassium sorbate, and control the aerobic microorganisms and coliforms during storage of strawberries coated with polysaccharide.
Chemical Analyses
The variation between the average pH of the fruit was very small for most treatments, between 3.40 and 3.46, similar to the pH values obtained in fresh fruit. Fruits GKA had average pH of 3.50, significantly superior to other fruits. These values were slightly lower than those found by Cordenunsi et al. (2003) for cultivars 'Oso Grande', 'Dover', 'Campineiro' and 'Mazi', which have variation of pH between 3.5 and 3.8, even after refrigerated storage. For the content of total soluble solids (TSS) the fruits coated GKA had the highest value, above 8.51 °Brix, differing significantly from other treatments, which ranged between 6.85 and 7.86 °Brix, values close to the fresh fruit of 7.16 °Brix. Similar initial average, 7.35 °Brix, was found in strawberry 'Camarosa' . Fresh fruit, in this work, showed values of total acidity of 1.06 g of citric acid 100g -1 of pulp, fruit stored differed statistically, with increases in all treatments and control groups, differing significantly between them to nine days. Lower values were obtained by Malgarim et al. (2006) , on strawberries 'Camarosa' fresh 0.6 g citric acid 100g
-1 pulp, due, probably, according to the authors, the conditions of cultivation and edafoclimáticas different. The average titratable acidity of fruits coated GKA and CS was 1.27 g citric acid 100g
-1 of pulp, statistically superior to other treatments in the fruits of the ninth day of storage, which showed between 1.22 and 1.24 100g -1 citric acid pulp. It was found that the association with starch did not favor increasing the acidity in fruits coated. Changes were observed in levels of acidity unaccompanied by pH, which can be explained by the buffer capacity of the pulp of the strawberry, due to the high content of citric acid, and through the release of ions to the water, acting as a buffer and opposing to changes in ph (Lehninger, 1976) .
The average content of ascorbic acid original was 45.17 mg 100g -1 pulp. Most of the fruits showed significant reduction in the contents of the storage period, except the fruits coated with CS and that KG did not differ significantly from the fresh fruit. Calegaro et al. (2002) also found a reduction in content of ascorbic acid during storage of strawberry 'Oso Grande' cv. Most fruits reached around 40 mg ascorbic acid 100 g -1 for 9 days. However, the fruit receiving resveratrol sprinkled to 4000 ppm, had significant reduction in levels of ascorbic acid. Anthocyanin contents in 'Camarosa' organic strawberries, after 9 days storage under refrigeration, varied from 13.30 (fresh fruit) to 21.19 mg of pelargonidin-3-glycoside (PGN) 100g -1 of pulp (KG), in the different treatments made. Severo et al. (2007) found a content around 12.52 mg of PGN 100g -1 of fresh 'Camarosa' strawberry pulp, in commercial maturation condition, similar to results found in this investigation for freshly-picked fruits (Table 3 ). An increase in anthocyanin contents was reported by Gil et al. (1997) during refrigerated storage. Anthocyanin initial values were around 12.02 ± 2 mg 100g -1 for 'Selva' strawberry, reaching 15.3 ± 1.2 and 14.2 ± 3.9 mg 100g -1 in a period between five -ten days, respectively. However, they found lower values in fruits treated with concentrations of CO 2 in 10, 20 and 40%. Silva et al. (2007) determined the total anthocyanin content in five different strawberry cultivars and found a variation between 20 and 60 mg 100g -1 , in which PGN (77 -90%) and cyanidin-3-glycoside (3 -10%) prevailed. The author has also mentioned aspects such as, the influence of the different cultivars, the degree of maturity or ripeness, edaphic-climatic factors and the postharvest storage in their reports.
Conclusions
The application of postharvest coating CSKL, as a result of the association of cassava starch at 2.0% (CSF) to the liquid of kefir water at 15% (KL), which presented the best results regarding the preservation of the physical characteristics and the reduction in the incidence of rottenness in organic strawberries belonging to 'Camarosa' cultivar.
